Introduction: The purpose of this long-term clinical study was to examine the additional efficacy of photodynamic therapy (PDT) to scaling and root planing (SRP) in patients with chronic periodontal disease.
Background
With respect to the etiology of inflammatory periodontal diseases, fundamental importance is attached to microbial plaque [1, 2] . The pathogenic potential of the bacteria within the subgingival plaque influences the progression and severity of the periodontal disease, which -in most cases -is accompanied by destruction of periodontal ligament and alveolar bone [3] . However, in addition to the causal microbial factors, especially in chronic periodontitis other risk factors e.g. smoking, cardiovascular disease, diabetes mellitus as well as other systemic conditions or hematologic or immunologic disorders can have a crucial significance [4] . The primary goal of the therapy of inflammatory periodontal diseases to stop the progression of the disease is the reduction or destruction of the microbial biofilm, including the micro-organisms attached to the root surfaces. Here the biofilm also has a key function, because it provides a variety of bacteria with especially good symbiotic growth conditions. An effective reduction of the subgingival biofilm can be achieved by employing various techniques [5, 6] . However, important for a lasting success of a treatment is a continuous supportive periodontal therapy employing individual prophylactic measures and regular professional tooth cleaning [7] .
In addition to the classical method of using hand instruments for reduction of the bacterial load and root planing, various other techniques have been established including the usage of ultrasonic devices or lasers. Many attempts have been made over time to increase the efficacy and efficiency of subgingival debridement and bacterial elimination [8, 9] . Hand instrumentation is still considered the gold standard and allows the sufficient cleaning of the periodontal pockets [10] . Anatomical peculiarities like root curvatures or invaginations can make it difficult to remove bacterial deposits and biofilms completely from root surfaces by means of mechanical methods [11, 12] . Several treatment options are available to support the efficacy of instrumentation, for example the usage of local antibiotics or antimicrobials [13] or photodynamic therapy (PDT).
Photodynamic therapy combines low level laser light with a photosensitizer (a non-toxic dye), which binds to the target cells. Photosensitizers, like for example toluidine blue O, methylene blue and malachite green, absorb light of a specific wavelength. In the excited state theses molecules can react with molecules from the environment, for example with oxygen. Reactive oxygen species can be generated, which can cause oxidative damage to the target cells [14] . Several photosensitizers are available which work in combination with a low level laser (wave length of λ = 630-670 nm) to destroy microorganisms [15] . Therefore, photodynamic therapy can be an alternative for reducing the bacterial load in periodontal pockets [16] . In vitro studies have shown the effectiveness of photodynamic therapy against bacteria from subgingival plaque samples from patients with chronic destructive periodontitis [15] and also against Aggregatibacter actinomycetemcomitans [17] . In an animal model, the effectiveness of PDT in suppressing Porphyromonas gingivalis and reducing gingival inflammation was demonstrated [18] . A recent clinical study reported a beneficial effect of PDT, alone or in combination with SRP, on pocket probing depth reduction and improvements of clinical attachment level and bleeding on probing scores [19] . However, another study found statistically significant differences only for reduction of full-mouth bleeding scores, when comparing treatments with and without PDT as adjunct, but not for improvements of probing depth and clinical attachment level [20] . There are still only limited data available from controlled clinical studies evaluating the effects of PDT as an adjunct to SRP in supportive periodontal treatment [21] .
The aim of the present study was therefore to examine in patients with chronic periodontitis an efficacy of the photodynamic therapy in addition to the classical treatment with scaling und root planing. Treatments were performed using the split mouth design, and the patients were examined at recall visits covering a period of six months.
Materials and methods

Patients
A total of 22 adults, aged 38 to 74 years, presented as outpatients to the Department of Operative Dentistry of the University Medical Center, Johannes Gutenberg University Mainz, and were enrolled in the present study. All patients (10 = female; 12 = male) were diagnosed with chronic periodontitis, with four teeth having at least one site with a probing depth of five mm, and presence of bleeding on probing (BOP). The subjects were informed in detail about the aim and course of the study and gave written informed consent. The approval of the course of the study by the ethics commission Mainz (number: 837.132.08 (6129)) was obtained before the beginning of this study. Criteria for exclusion from this study were: presence of a systemic disease, treatment with antibiotics within the last six months, pregnancy, and smoking. For inclusion in the study, the patients had to have at least four teeth with a probing depth of ≥ 5 mm. In addition, a good patients' compliance was required, which was monitored over the course of the study by means of measuring plaque and gingival indices. At the beginning of the study, two types of therapy were selected: scaling and root planing (SRP) or SRP and photodynamic therapy (SRP + PDT). For each patient it was decided by means of a randomization list, which tooth was to receive which type of therapy. The treatment was done according to a "split mouth design", so that in each patient two teeth belonged to the control group (SRP) and two to the test group (SRP + PDT). All subsequent examinations were done by the same examiner with a fixed periodontal probe (PCP 12, Hu-Friedy, Chicago, IL, USA). All patients received a professional tooth cleaning three weeks prior to the treatment begin. The measurements of the clinical parameters were performed at baseline (one week before treatment), and one month, three and six months after treatment.
Clinical parameters
At each visit, probing depths, absence or presence of bleeding on probing (BOP), gingival recessions and clinical attachment levels at six sites per tooth (buccal; mesiobuccal; distobuccal; lingual; mesiolingual; distolingual) were recorded by the examiner. The examiner was not involved in the therapy, and therefore didn't know which tooth had received which type of therapy (single blinded). To assess the patients' compliance, the gingival index [GI, Löe and Silness] and the plaque index [PI, Silness and Löe] were determined in addition.
Course of treatment
Scaling and root planing was performed in all 22 patients by the same examiner with hand instruments (Gracey curettes, Hu-Friedy, Chicago, IL, USA). Teeth belonging to the test group received a photodynamic therapy in addition. For the photodynamic therapy 0.005% methylene blue was used as photosensitizer and activated with a laser [Periowave, Ondine Biopharma, Vancouver, Canada] at a wavelength of 670 nm and a maximum power of 150 mW for 60 seconds. All patients were assessed again by the same examiner at recall visits one month, three and six months after treatment.
Statistical analysis
The statistical analysis of the data was performed in collaboration with the Institute of Medical Biostatistics, Epidemiology and Informatics of the University Medical Center of the Johannes Gutenberg University Mainz, using the program SPSS for medical statistics (17.0 for Windows, Chicago, IL, USA). Descriptive statistics were calculated, and values are given as means ± SD or are shown as boxplots. A descriptive analysis of the gain in clinical attachment and the improvement in probing depths was performed. Comparisons were made for the two different treatments (SRP or SRP + PDT), using as nonparametric test the Wilcoxon test for paired samples. The significance level was set at p ≤ 0.05.
Results
All subjects, enrolled in the present study as outpatients, with a mean age of 59.3 years (SD: 11.7 years), could be examined as planned one month, three and six months after the end of the periodontal treatment. In each case, the chronic periodontitis could be treated successfully by means of the two different therapy concepts using a split mouth design, as it had been explained to the patients (Figure 1) . No undesirable effects were observed, and both therapies were tolerated well by the patients. Both therapies lead to a significant reduction in the number of teeth positive when tested for bleeding on probing (BOP), as is shown in Table 1 .
The scores for the plaque index (PI, scores 0-3) were similar for both therapy forms, both before treatment and at the end of the study. At baseline, all teeth showed high scores for the plaque index; 73% of the patients had a score of 3. One month after treatment, considerably lower plaque index scores were determined for both therapy forms. After three months, 77% of the teeth treated with SRP alone had low scores of 0 or 1 for the plaque index, and after the combined therapies of SRP and PDT, in 82% of the teeth scores of 0 or 1 were found for the plaque index. After six months, a slight increase in the plaque index scores was observed; however, independent of the type of treatment, in none of the cases a high plaque index score of 3 was determined. Similar results were found with regard to the measurements of the clinical attachment levels (CAL) over a period of six months. At baseline, the CAL measured 7.2 ± 1.2 mm (SRP) or 8.1 ± 1.3 mm (SRP + PDT). Both therapies lead to a recognizable improvement of the CAL values, with the combined therapy achieving a slightly higher gain in clinical attachment (Figure 2 ). At the end of the observation period of six months, there was a clear difference in the effect of the two therapies (p = 0.052).
At baseline, the probing depth was 5.9 ± 0.8 mm (SRP) or 6.4 ± 0.8 mm (SRP/PDT). Both after the treatment with SRP alone, and with the combined treatment with SRP, followed by photodynamic therapy (PDT), a clear improvement in the measured probing depths was observed over an observation period of six months. As is shown in Figure 3 , already after four weeks for SRP therapy alone a mean reduction of the pocket depths by 1.3 ± 0.4 mm, and for the combination therapy of SRP + PDT a mean decrease in the probing depths of 1.5 ± 0.6 mm was found. However, after an observation period of six months, the combined therapy SRP + PDT showed with a mean reduction in probing depths of 2.9 ± 0.8 mm a statistically 
Discussion
Treatment concepts of non-surgical therapy for chronic periodontitis comprise as an essential parameter the reduction of periodontal pathogens. In addition to the classical treatment using scaling and root planing (SRP), nowadays adjuvant low-level laser therapies together with dyes as photosensitizer are available, which are however partly being discussed controversially. Most studies examine the effectiveness of the adjuvant photodynamic therapy (PDT) only for a short period of time; therefore, in the present clinical study the possible additional success of the photodynamic therapy as adjunct to SRP in comparison to treatment with SRP alone was examined over a period of six months.
The split mouth design was chosen for the present study, and all patients were examined at baseline, and then the various clinical parameters were re-evaluated one, three and six months after treatment.
The plaque index improved equally at all sites from baseline to the final assessment six months after treatment, which supports the decision for using a split mouth design for the present study. In addition, the repeated evaluation of the plaque scores can be seen as a tool to monitor patient compliance. Miyamoto et al. [22] examined the role of patient compliance for the success of periodontal therapy over a long-tem observation period of 15 to 23 years. They measured clinical parameters including probing depth, bleeding on probing, plaque index and tooth loss. Patient compliance was defined as the frequency of dental visits, and it could be shown that the patients who attended most of the scheduled dental visits also had the highest reduction in plaque scores in comparison to the other patients.
Lang et al. [23] emphasized the importance of the bleeding on probing index as predictor for the progression of periodontal disease. The decrease in BOP incidence in the present study reflects the observation by Lang et al. [23] that a reduction in BOP scores is accompanied by a decrease in periodontal inflammation.
In the present study, the clinical attachment level improved significantly, both in the sites treated with SRP alone and in those treated with a combination of SRP and PDT, from baseline to the final examination. The differences in outcome between the two treatments tended to be greater for the sites treated with SRP and PDT. Similar improvements were also seen concerning the reduction in probing depth, which was after six 
months statistically significantly higher for the sites treated with SRP and PDT. Andersen et al. [19] , who examined the influence of SRP alone or in combination with PDT on clinical parameters, found similar results. After an observation period of 12 weeks, higher improvement of the clinical parameters probing depth and CAL was found for the additional PDT therapy. Chondros et al. [21] examined 24 patients over a period of six months, and examined the clinical and microbiological effect of PDT as adjunct to SRP versus treatment with SRP alone. Improvements in probing depth, CAL and of FMPS (full mouth plaque score) were found; however, there were no statistically significant differences between the two groups. In contrast, a statistically significant higher decrease in BOP scores was found for the group treated with the combined therapies. The review by Woodruff et al. [24] supports the beneficial effect of low-level laser therapy on tissue healing, including augmentation of collagen synthesis, reduced healing time and diminution of the size of the wound.
Yilmaz et al. [25] , however, found little influence of an additional treatment with PDT to SRP. They showed that in comparison to the sole SRP therapy there were no significant differences in the improvement of the clinical and microbiological parameters, evaluated over an observation period of 32 days. Similar results are reported by Polansky et al. [26] , who didn't find any additional effect on the reduction of probing depth and BOP scores, when subgingival ultrasonic treatment was combined with PDT.
A slight effect of an adjunct PDT to SRP could be demonstrated by Ge et al. [5] . They could show that over a period of three months the group of patients treated with the combined therapy showed lower BOP scores than the group treated with SRP alone, while the improvement of other clinical parameters like probing depth and CAL didn't differ between groups.
De Oliveira et al. [27] studied the effect of treatment with PDT or SRP on the cytokine profiles of 10 patients with aggressive periodontitis. After a period of 90 days, a significant reduction in the cytokine levels was found, but there was no difference between the two types of treatment. In contrast, Liu et al. [28] could show over an observation period of four weeks that after an additional treatment with PDT to SRP therapy a significantly greater reduction of the interleukin-1β concentration in gingival crevicular fluid occurred. In this study with 24 patients using a split mouth design, also a higher reduction of the probing depth and also in the BOP scores was found after four weeks for the sites treated with the combined therapy. Rühling et al. [29] found in residual pockets of 54 patients, treated either with PDT or with an ultrasonic scaler, over a period of three months a reduction of probing depth, but the difference between the two groups was not statistically significant. Braun et al. [30] studied the clinical effects of PDT as supportive therapy to SRP in 20 patients. The patients were treated using a split mouth design and were assessed over a period of three months. Both therapies led three months after treatment to significant reductions in probing depth, sites positive for BOP and relative attachment level in comparison to the values at baseline. As in the present study, a higher reduction in probing depth was achieved for sites treated with the combined therapy, and the difference to treatment with SRP only was also statistically significant.
In contrast, in a study on 33 patients with chronic periodontitis, over an observation period of six months no additional effect of an adjunct PDT versus SRP alone was found with respect to clinical parameters including probing depth, BOP or CAL [31] . However, a statistically significantly greater reduction for sites positive for various periodontal pathogens, including Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, Prevotella intermedia, Prevotella nigrescens and Tannerella forsythia, was found after adjunct PDT in comparison to SRP alone.
In the presence of anatomical structures like dental furcations or invaginations, access to the sites for a complete removal of subgingival biofilm with hand instruments might be difficult. In such cases, the antimicrobial effect of PDT might help achieve a better healing of periodontal defects. De Almeida et al. [32] used Wistar rats in an animal model to induce experimental periodontitis at the first mandibular molar. The animals were treated with methylene blue, laser or PDT, and bone loss in the furcation area was examined by histometric analysis. It was shown that the amount of bone loss was lowest in the group treated with PDT, and the difference to all other groups was statistically significant.
Conclusions
In conclusion it can be confirmed that the photodynamic therapy as adjunct to classical scaling and root planing can be recommended as treatment option, which can by no means replace the classical therapy concepts. But even over an observation period of six months a slightly higher improvement of the clinical parameters was achieved than with SRP alone.
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